ABSTRACT Sixteen rice varieties were tested in the field under the natural insect infestations and 8 varieties were tested in the greenhouse under artificial infestations against Chilo suppressalis (Walker).
The International
Rice Research Institute (IRRI) has conducted studies on varietal resistance in rice to stem borers for several years. These studies involved field and greenhouse evaluations of 10,000 rice varieties for resistance to Chilo suppressalis (Walker) and retesting of the selected varieties for the consistency and nature of their resistance (Djamin and Pathak 1967 , Patanakamjorn and Pathak 1967 , and Pathak et al. 1971 . As a result, several varieties were found to be highly resistant to C. suppressalis.
Reported here is the reaction of some of these varieties to the most common borer species in Asia, Tryporyza incertulas (Walker),
T. innotata Walker, C. 1 Lepidoptera: pyralidae and Noctuidae.
• Part of thesis submitted in partial fulfillment of the require. ments of M.S. degree in Entomology, College of Agric., Univ. of the Philippines. Received for publication Sept. 10, 1974. "Research Scholar. Present address: Dept. of Entomol., Rutgers Univ., New Brunswick, NJ 08903. 41 the varieties and were closely related to the varietal susceptibility.
In general, susceptible varieties had high larval survival and growth and suffered more damage. The larvae on the resistant varieties TKM 6, Chianan 2, and Taitung 16 had very poor growth. Mudgo and DV 139 had high larval survival and growth as well as high field borer populations but suffered less damage because of their tolerance.
The actual number of dead hearts in an infested hill or unit area of the field was independent of the total number of tillers. Differences ill the borer susceptibility existed even when the varieties were cultivated at iden· tical tiller densi ty.
Iloilo City (T. innotata in wet season and C. suppressalis in dry season) _ The varieties were transplanted to single-seedling hills at a uniform spacing of 25X25 cm in 2x5.25-m plots which were replicated 4 times in a randomized complete block. Excepting the 2 border rows of each plot, all remaining 68 hills (4.25m") were examined for deadhearts at 20, 50, and 80 days after transplantation, and for whiteheads before the harvest of each variety. The percent deadheart or whitehead was calculated using the procedure described by Djamin and Pathak (1967) . Also, 10 random hills from each plot were uprooted and dissected at each deadheart count to record the larval and pupal populations inside the stalks and rootstocks.
Based on the field tests, 8 varieties were selected for further evaluation in the greenhouse by artificial infestation with known number of borer larvae. The green house studies on C. suppressalis, T. incertulas, and S. inferens were conducted at IRRI, and those of T. innotata, which is not known to occur in this area (Luzon island), were conducted in Iloilo City (Visayan island).
Two to three 20-day old seedlings were planted in culture pots and allowed to grow under insect-free condtions for 30-40 days. Each hill was then thinned to 10 tillers of uniform size, and 10 freshly hatched larvae were placed on the central tiller of each hill. There were 4 such plots for each variety arranged in a randomized complete block. Observations on discoloration
Vol. 69, no.1 of leaf sheaths due to feeding by the borers and on formation of deadhearts were made at 1, 5, 10, 15, and 20 days after infestation. After the last observation, each hill was uprooted and its tillers as well as rootstocks were dissected to record the number and weights of the larvae.
To test the relative role of plant density on the incidence of deadhearts, 2 highly susceptible varieties (Rexoro and Pankhari 203) and 2 highly resistant varieties (TKM 6 and Taitung 16) to C. suppressalis were tested in 5X 3 m plots replicated 4 times in a Latin square. To minimize the effect of differences in their tillering and growth durations on stemborer susceptibility, the varieties were transplanted at 4 different spacings: Rexoro, lOXIO cm; Taitung 16, 15X 15 cm; Pankhari 203, 20X20 cm; and TKM 6, 30X30 cm. Also, Rexoro was planted 20 days earlier than the other three to compensate for its slower initial growth. All varieties were protected from insect infestations with diazinon granules shortly after transplantation.
Thus, a good uniformity in phint density and growth stage was obtained for the 4 varieties by ca. 40 days after the main planting, which is an optimum time for borer infestation.
The number of dead hearts and total tillers in each plot (except 2 border rows) were counted at 55 days after the main planting.
RESULTS AND DISCUSsION.-Cross
Resistance.-Highly significant differences were recorded in the incidence of stemborers on different varieties. A variety was considered resistant, moderately resistant or susceptible to a given borer species based on its percent deadheart relative to the other varieties. Comparisons between the 4 species were made by ploning their percent deadhearts to convenient scales (Fig.  1) . A highly significant positive correlation existed between any 2 species. The varieties Rexoro, Milfor 6 (2), Binolayangun.
Muey Nawng 62M, Pankhari 203, and Paimat were susceptible to all 4 species of borers, while the varieties TKM 6, PTB 10, Su Yai 20, Mudgo, DV 139, MTU 19, and Taitung 16 were resistant to all 4 species, with the exception of DV 139 and MTU 19 being somewhat susceptible to C. suppressalis and Tryporyza spp., respectively. IR 8, RDR 2, and Chianan 2 were resistant to moderately resistant to the 4 species.
Distinct differences also were recorded in the whiteheads among the 16 varieties. However, no 
Flc. 2.-Survival and growth of and damage caused by 4 species of stembOTers in 8 selected rice varieties. general correlation existed between the percent dead heart and the percent whitehead.
The varieties TKM 6, PTB 10, and Su Yai 20 were resistant to both dead heart and whitehead damage. Taitung 16, which had low deadheart, suffered heavily from whiteheads.
Larvae of the 4 species reared on 8 selected varieties in greenhouse showed highly significant differences in their survival, gain in weight, and the damage they caused to the varieties (Fig. 2) These figures appear to be generally related to their sites of feeding and tunneling habits. Interestingly, the susceptibility ranking of varieties based on the greenhouse studies (Table ] ) is essentially the same as that observed in the field (Fig. I) . In general, susceptible varieties had high larval survival (S), weight (G) , and damage (D) . Thus the G+S+D for Rexoro is as high as 250. The other susceptible variety Pankhari 203 had even higher value for survival and comparable value for larval weight but had low damage.
IR 8, although it had lower grades for growth and survival, showed a very high level of damage.
Among the other re-Vol. 69, no. 1 sistant varieties, Mudgo and DV 139 had good larval growth as welI as survival but least damage. Taitung 16, Chianan 2, and TKM 6 affected the growth and survival of the larvae adversely. While TKM 6 had a very low level of damage, the other 2 varieties suffered damage practicalIy to the same extent as Rexoro.
In the field experiments, the predominance of a borer species was established by dissecting the infested plants at the time of recording the damage. However, the field population always was comprised of a mixture of different species as welI as growth stages that differ in their capacity to inflict damage. In the present study, some effort has been made to relate the observed damage with only such growth stages of a species as could result in deadhearts (Table  2) . Also, the overalI population of each of the 4 borer species was obtained by adding the larvae and pupae in each variety at alI 3 locations (Table 3 ). This showed highly significant differences in borer populations on different varieties. Susceptible varieties such as Pankhari 203, Paimat, and Milfor 6 (2) had avg population densities almost twice those of resistant varieties TKM 6 and Taitung 16. Other resistant varieties Mudgo and DV 139 contained populations that were comparable to those on susceptible varieties. This suggested that the lower incidence of deadhearts on the latter 2 varieties (Fig. I and 2) probably was due to their greater tolerance to borer damage.
The rice varieties, in general, showed great similarity in their susceptibility or resistance to the 4 borer species in the field as welI as in greenhouse experiments.
The consistency with which the varieties TKM 6, PTB 10, Su Yai 20, Mudgo, and Taitung 16 were resistant to alI 4 species suggests the presence of a complex of factors which is responsible for such a broad-based resistance.
Such varieties, if they possess good agronomic qualities such as TKM 6 offer much commercial justification in plant breeding programs.
Percent Deadheart vs. Number of Deadhearts.-
Generally in field evaluations, different varieties are planted at the same spacing.
Since rice varieties differ widely in their tillering, this situation frequently results in variable number of tillers/unit area among the test varieties and influences the data on deadhearts (or whiteheads) expressed as a percentage of the total tillers. This is illustrated in Fig. 3 , which represents avg data of 5 field experiments, each conducted in 4 replications.
Interestingly, the actual number of dead hearts in an infested hill or unit area of the field is independent of the total number of tillers (Table 4) . Thus, resistant varieties had fewer deadheart tillers and higher proportion of healthy tillers.
The relative role of plant density on the incidence (Table 2) . Each figure represents total of 5 dissections and mean of 4 replications.
b Mean of the 4 species, each of which was independently cal· culated based on the highest figure for that species as being 100. Thus, the maximum possible mean grade is 100.
• .;
•..
• (Table 5 ). This showed that resistance of a variety is more important in stemborer damage than the number of tillers/unit area.
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